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ABSTRACT

Rodriguez-Kabana, R., J.C. Williams, and R.A. Shelby. 1982. Assess-
ment of peanut yield losses caused by Meloidogyne arenaria. Nematrop-
ica 12:279-288.

Regression analyses were performed on data from 16 peanut (Arachis
hypogaea L) field experiments to determine the relation between yield
and larval numbers of Meloidogyne arenaria (Neal) Chitwood. The
experiments were located in southeastern Alabama and consisted of
nematicide treatments applied during 1979, 1980, and 1981. Treatments
included a fumigant (EDB) and systemic nematicides (aldicarb, carbofu-
ran, oxamyl, and phenamiphos). Each experiment consisted of 14 treat-
ments replicated 8 times. Results indicated that yields were negatively
related to larval numbers determined near harvest. Quadratic equations
described the relation between the two variables better than the linear
models. Results indicated the possibility of significant seasonal influences
on the values of regression coefficients. The average yield loss caused by
the average number of larvae/ 100 cm3 soil ranged from 427-539 Kg/ha.
The equations obtained suggested that yield losses caused by M. arenaria
occur even on lightly infested soil (< 50 larvae/ 100 cm? soil) and do not
support the view that there is a range of larval population levels for which
there is no corresponding yield reductions.

Additional key words: population dynamics, nematode control, methods,
integrated pest management, Dowfume, Furadan, Nemacur, Soilbrom,
Temik, Vydate.

RESUMEN

Rodriguez-Kabana, R., J.C. Williams, y R.A. Shelby. 1982. Evaluacion
de las pérdidas en rendimientos de mani causadas por Meloidogyne
arenaria. Nematropica 12:279-288.

Se efectuaron analises de regresion con datos obtenidos de 16 experi-
mentos de campo con mani (Arachis hypogaea L.) para determinar la
relacion entre los rendimientos y el nimero de larvas de Meloidogyne
arenaria (Neal) Chitwood. Los experimentos estuvieron localizados en el
sureste de Alabama y eran pruebas con tratamientos nematicidas efec-
tuados en 1979, 1980 y 1981. Los tratamientos se hicieron con un fumi-
gante (EDB) y con varios nematicidas sistémicos (aldicarb, carbofuran,
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oxamil y fenamifos). Cada prueba contuvo 14 tratamientos con 8 replica-
ciones cada uno. Los resultados de los analises sefialaron que los rendi-
mientos esaban correlacionados negativamente con los nimeros de lar-
vas determinados cerca del tiempo de la cosecha. Ecuaciones cuadraticas
representaron la relacidn entre las dos variables mejor que las lineares.
Los resultados también sefialaron la posibilidad que existan efectos
significativos del afio de produccién sobre los valores de los coeficientes
de regresion. El promedio de pérdidas en la produccidn causadas por el
promedio de larvas/ 100 cm? de suelo oscilé entre 427-529 Kg/ha. Las
ecuaciones obtenidas indicaron que las pérdidas en rendimiento causadas
por M. arenaria ocurren aun en suelos ligeramente infestados (< 50
larvas/ 100 cm? suelo) y no apoyan la creencia que existe una escala de
niveles de poblacién de larvas para la cual no hay reducciones en rendi-
mientos correspondientes.

Palabras claves adicionales: dindmica poblacional, combate de nemato-
dos, métodos, manejo de plagas, Dowfume, Furadan, Nemacur, Soil-
brom, Temik, Vydate.

INTRODUCTION

The peanut plant (Arachis hypogaea L.) is subject to attack by a variety of
plant parasitic nematodes. The root-knot nematodes, Meloidogyne arenaria
(Neal) Chitwood and M. hapla Chitwood, are considered the most economi-
cally important nematodes on the crop (8). In Alabama, root-knot nematodes
occur in 40% of the peanut fields (3,4) and M. arenaria is the most common
species. Yield losses caused by M. arenaria in the state are severe (9,10,12).
Presently, there are no commercially available peanut cultivars resistant or
tolerant to M. arenaria. Consequently, control of the nematode is based on
the use of rotations and routine applications of nematicides (8). Increased
costs of nematicide applications and relatively low world market price for
peanuts dictate a careful evaluation of the damage caused by nematodes in
fields to determine the economic merit of nematicide use in specific fields.
Such evaluations require knowledge of the quantitative relation between
yields and levels of nematode infestation. Although considerable information
is available on the relative efficacy of nematicides for control of M. arenaria
in peanuts (5,6,7,9,10,12) the information can only be considered to be of a
qualitative nature. The present study was conducted to develop-regression
equations for use by advisory personnel to estimate peanut yield losses caused
by M. arenaria under irrigated conditions in Alabama.

MATERIALS AND METHODS

Data for this study were obtained from field experiments conducted at the
Wiregrass Substation, near Headland, Alabama, during 1979, 1980, and
1981. The experiments were established in an irrigated field heavily infested
with M. arenaria. The field had been under peanut culture for the preceeding
5 years and each year was planted with hairy vetch (Vicia villosa Roth.) soon
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after peanut harvest to maintain nematode populations. The soil was a silt
" loam with pH = 6.2, and less than 1.0% (w/ w) organic matter. All experiments
were with Florunner peanuts and each experiment consisted of 14 treatments
in a randomized complete block design with 8 replications/treatment. Plots
(replications) in each experiment were 2 rows each 91 cm wide and 10 m long.
Treatments consisted of different rates of nematicide applied at planting time.
The nematicides were EDB (Soilbrom®90), aldicarb, carbofuran, oxamyl, or
phenamiphos. The nematicide treatments were used to establish a range of
nematode levels and a corresponding range in yields. Six experiments were
conducted in each of 1979 and 1980 and 4 in 1981. In all experiments control
of weeds, diseases and insects was according to recommended practices for
the area (2) and the field was irrigated as needed.

Soil samples for nematode analysis were collected within 3 weeks of harv-
est. Samples consisted of 15-20 soil cores each 2.54-cm-diam taken along the
center of each plot from the root zone to a depth of 15-20 cm. The cores from
each plot were composited and a 100 cm? subsample was used to determine
nematode numbers with the “salad bowl” incubation technique (11). Yields
were obtained from the entire plots at maturity of the crop.

All data were subjected to standard procedures for regression analyses (16).
In establishing regression coefficients between yields and numbers of M.
arenarialarvae only the means from each treatment in every experiment were
used.

RESULTS

Statistical analysis of the data from 1979 indicated that yields were corre-
lated with numbers of larvae (Table 1). Although the correlations could be
described with linear equations, the quadractic model Y = a + byN + byN2
resulted in a closer fit between yields (Y) and numbers of larvae (N). Values
for the by coefficient of the quadratic equation varied from -43.2402 to as high
as -3.9943; values for the b, coefficient ranged from -0.0111 to 0.0875. The
coefficient of deterination (R2) for all the experiments was significant. The
common regression equation obtained with the data from all the 1979 exper-
iments was Y = 3737 -4.941N +0.0049N2, (Fig. 1); the coefficient of determina-
tion for the equation was 0.248 which was significant at a probability level of
less than 0.0001. Yields for 1979 ranged from 406-5588 Kg/ha and larval
numbers from 0-2378/100 cm3 soil. The average yield for the 1979 experi-
ments was 3260 Kg/ha and the average number of larvae 124.5 larvae/ 100
cm3 soil.

The relation between yield and larval numbers for the data from the 1980
experiments was also significant (Table 2). The quadratic equation described
the relation between the two variables better than the linear model. Values for
the by coefficients of the equations varied fro -17.9045 to -2.0315, and values
for b, ranged from -0.0068 to 0.0671. The quadratic equations described well
the relation between yield and larval numbers since all equations were signifi-
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Fig. 1. Relation between peanut (cv = Florunner) yields and numbers of larvae
of Meloidogyne arenaria determined near harvest time using an incubation
technique (11). All equations were significant at P<<0.0001.

cant (P < 0.026). Yield values for the 1980 experiments ranged from 705 to
4991 K g/ ha, and larval numbers from 0-765 larvae/ 100 cm?3 soil. The average
yield for the 1980 experiments was 2987 Kg/ha and the average number of
larvae 91.5/ 100 cm3 soil. The common regression equation relating yield and
larval numbers for all the 1980 data was Y = 3408 - 5.344N + 0.0046N2, (Fig.
1), a significant regression (P < 0.001, R2 = 0.44).

Results for the 1981 experiments are presented in Table 3. As for data from
the preceeding 2 years, the relation between yield and larval numbers was best
described with a quadratic equation. The by coefficients for the quadratic
equations ranged in value from -17.3871 to -0.2651, and the b, coefficient
from -0.0019 t0 0.0822; R2 values for all equations were significant (P = 0.0155
or less). Yields in 1981 ranged from 1763 to 5479 Kg/ha and larval numbers
from 0-825/100cm3 soil. The average yield was 3664 Kg/ha and the average
number of larvae/ 100 cm3 soil was 169. The common regression for yield and
larval numbers was Y = 4063 - 2.744N + 0.0013N2; the regression was signifi-
cant (P<0.0001) and R2 was 0.57.

DISCUSSION

Results indicate that M. arenaria causes significant yield losses under
Alabama conditions. The calculated average yield loss caused by the average
number of larvae/ 100 cm? soil ranged from 427 Kg/ ha for 1981 to 539 Kg/ha



283

NEMATROPICA VOL. 12, No. 2, 1982

"uonenba uoissasga opjeipenb jo 1521 woyy Anpiqeqod pantasqO
"3BAIE] JO 12qUINU PUE P34 10] SUOLIEAISSGO PIOY § JO SuEAW 3y} Pajuasaidal Jied yoes 1| = Juawuadxa Jad sired jo Joquinu [e10,

LO1 (42 LTI 0ise 98S-v 68CS-vI8 £600°0 LP9°0 1110°0- £966'¢- X474 IA
SL oLy L [4143 +99-0 €0Sr-€LS1 1000°0> i98°0 €290°0 vL'LI- x44 A
09 SLY 44 €EPE <or-0 016¥-60L1 €000°0 0SL0 2€00°0- 17686~ L98¢ Al
LL 819 8L1 £89¢ €LS-TE€  660S-S801 $000°0 8SL°0 §L80°0 v ey 13478 1
8Tl 929 Lel [{174% £69-0 09$$-90¥ Ei0o Svs0 8650°0 89¢€9°vC- (4443 I
i3 0v9 9¢¢ 91Isg 8L€T-0 8866-€611 L1000 L3890 6500°0 veel’L- ESLY i
oS itos itos
qwo ool (ey/8y) wo001  (ey/3Y) awd 001 (ey/SY) d)
1ad seare]  ppPIA Jod seate]  paIA  1ad aeale PIGIA uonjeuIwINRg ' (2q) (*q) ¥ ©ON
uonBIAd(g piepuelS aeiany aSuey .K:_Sgoi JO 1UAIdJ30D)  SIURIdIJe0) uoissarfoy 1deosanul A judwiiadxg

“BUIBqE]Y ‘PUB[PEOH JBSU UOLBISqNS SSLISAIIM Y} 18 661 Ul PA)ONPUOd
sJuBWLIAA XD PIal) 9 WO BIBP YUM DLIDUIID SuLS0pI0jay JO deAlR] JO s1aquinu uo (4 ) spjaif jnuead Jouuniofq jo sssjeue uoissaiSal ayj jo sijnsay °j djqeL’



NEMATROPICA Vol. 12, No. 2, 1982

284

‘uorzenbs uoisssi8a1 snepenb Jo 1593 wodj Ajiqeqoid paAlasqQ

"3BAIE] JO J3GUINU PUE PIAIA 10 SUOLBAISSQO PIoY § Jo SUBSW 3y paruasaida sied yoes tp| = yuawiliodxa sad sited jo sequinu [e0)

Lt L9¢ L8] 33 74 ¥0L-0 £E6E-60L 8790 1900°0 0£s8°¢- 696C 1104
€L 0is LE £88¢ 205-0 £0SH-C0E 1 998°0 L900°C £250°9- 8LOE IX
9 1334 LS 9433 6it-0 8¢91-6681 €090 i910°0 AN 206¢ X
$9 9¢9 SL 8tit 8v¢-0 §95-9911 885°C 1290°0 SP06'L1- 666¢ X1
0l (44 26 1444 §9L-0 166v-3¥C1 SLLO 8900°C- S1e0°C- £€TLE A
88 LES 101 189¢ giv0 8€97-9L6 L8Y°0 P00 ¥POL'CI- 68¢¢ 1A
lics (1 fios
swa ool (ey/3y)  cwogor  (ey/EY)  awd 0ol (ey/8y) o @)
1ad seaie]  ppIA  od seale]  ppoI{  Jod amasey PISIA UOIIBUINLIANA(] (%q) (*q) +ON
UCHEIAS(Q Piepuel§ s8eioAy a8uey ,b_:aaao._m JO A2  siuswyjeo)y uolssafoy 1dedcssup 4 juswsadxg

‘BweqE]Y ‘PUB|PESH JBOU UCHIBISGRS SSBIZSIIA Y3 1B (086] Ul PIIONRPUOd
S1uALIAd X2 PIdYY § WO} BIED YIIM DLIDUSID 2ui80piojojy JO SeAIR] JO Sioquinu uo (A ) spioik inuead Jsuuniolq jo sssAjeue ucissasfal ays jo synsay ‘g AqeEL



285

NEMATROPICA VOL. 12, No. 2, 1982

‘uonenbs uoissaifas sipzipenb Jo 1533 wodj Aujiqeqosd PaAI3sqO ¢

"9BAIE] JO J2GUINU PUE PIAIA O] SUOLIBAISSGO PIOY  JO SuBaW au: pajuasaidal ied Yoea ty| = Juawniadxa sad sited Jo Jaquinu [el0)

Lii oLE S0E 99¢€¢€ LY9-0  S99-PY¥8I  0£10°0 9%S°0 6100°0- 19770~ 0L9€ IAX
LE} ity L£T SOVE §T8-T  6LYS-E9LI  SSi00 1€5°0 €1060°0 ¥896'¢- ey AX
901 L9€ i 056¢ 160 80TS-€€€T  €L00°0 165°0 L8000 9LSL'S- £Trp ATX
i€ 68¢ ST 9L8¢ 0€T-0  SYOS-CEET  1S00°0 LI9°0 7C80°C 1L8eLl- 9T X
S fios IS
W3 g0l (ey/3y) w00l (ey/Sy)  wo0Q] (ey/2) )
1ad seAse]  plaIA Jad sease  platgA 1ad sease PIIA uolRUIWINSC (¢q) (*q) +'ON
UoNIBIAS( piepuei§ s8eioAy sSuey ,_b___ngo._n_ jo adiyjsc)y  swamdijjecy  uoissaiSoy  idacusjuy 4 juswisadxgy

‘BWEqR]Y ‘PUBIPRI} 1BoU UOHEISQNS SSBIFAIIA Y1 1B |86] Ul P2IONpUOd

spuswisadxa PIol) $ UIOL] BIBP YIIM DLIBUIID SuLS0pIOjajy JO 9BAIR] JO SI2QUING UO (A ) SPI3IA 1nuead JouunIof Jo sasAjpue uoIssa1§a oy Jo SISy '€ J|qel



286 NEMATROPICA Vol. 12, No. 2, 1982

for 1979. The common regression equations obtained for each year indicate
that the relation between yield and larval numbers varied somewhat each
year. The relation between yield and larval numbers is probably asymptotic
and we expect it to be described better by a theoretical function not yet
available. However, quadratic equations developed in this study provide
good estimates for peanut yield losses within the range of values of the data
used. With this limitation it is possible to determine the lowest yield possible
for each year. Lowest yield for each year corresponds to a larval population
(Nm) where dY/dN = 0, or \
dY/dN = by +2b,N =0 I

The Nm value corresponding to 1981 was 1055/ 100 cm3 soil and those for
1979 and 1980 were 504 and 581. These values correspond to yield losses of
1246 Kg/ha for 1979 and 1552 and 1448 for 1980 and 1981, respectively. This
indicates that approximately twice as many larvae were required in 1981 to
obtain maximal yield loss as in the preceeding 2 years. However, when we
consider larval numbers in the range of 0-300/100 cm? soil, differences
between equations are not so pronounced. Thus, if we calculate the area
subtended by each equation in this larval range

3 3
juf(N)dN = f(a + byN + byN2)dN 1l

and substract from 11 the area 300.f(300), the difference may be used to gain
an overall view of the relation between yield and larval numbers for each year.
The calculated areas for 1979 and 1980 were 1.35 and 1.58 times greater than
the area for 1981, respectively. We consider the larval range between 0 and
300 larvae/ 100 cm3 soil most representative of the level of infestation found in
Alabama peanut fields (3,4). Our calculations indicate that there is probably a
significant effect of season (year) on the relation between yield and larval
numbers. Our data although representative for each of the years studied were
not sufficiently extensive to determine the effect of season (year) on the
relation between yield and larval numbers.

Results from our study are useful in that they establish a basis for develop-
ing information to predict yield losses caused by M. arenaria. The study was
based on larval counts obtained at or near harvest. Ideally, for predictive
purposes, the relation between larval numbers and yield would be more useful
if established with larval counts determined prior to planting of the crop.
However, this is not possible with existing methodology. Other studies have
shown (3,4) that larval populations of M. arenaria in Alabama peanut fields
are very low during late-winter and spring preplant period and estimates of
their numbers from samples collected during this period are not reliable if
they are based on results from direct extraction or incubation techniques.

The equations developed from this study were based on 224 means from
1792 pairs of field observations for yield and larval numbers. The range for
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each of the variables was sufficiently broad to represent situations varying
from those found in severely infestéd fields to fields with no nematode
problems. Therefore, the equations, when adjusted for seasonal variations,
can be expected to describe well the relation between yield and larval numbers
in Alabama peanut fields under irrigation.

The method used to obtain data for the present study was similar to that
used before to derive equations relating soybean yields to larval numbers of
M. arenaria or Heterodera glycines Ichinohe (13, 14). A similar approach has
been useful in determining yield: pathogen relations for other plant diseases
(1,15). The method relies on the use of nematicides to establish a broad range
of larval populations and a corresponding range of yields. With the exception
of oxamyl, the nematicides used in the study were those available to farmers
and were applied in the manner recommended for use by farmers. The data
thus represent more closely the situations in typical irrigated peanut fields in
Alabama. The method described in this paper avoids the need to introduce
selected isolates of the nematode into pasteurized or “sterilized” soils to
establish a range of nematode population levels. The biological components
of the soil in our study were thus less likely to be disturbed than if the soil had
been subjected to “sterilization” followed by reinfestation with nematodes.
We believe it is important in establishing equations relating yields to nema-
tode numbers to work with systems that simulate as much as possible the
situation encountered in farmers’ fields. This is particularly so when the
equations are to be used for predictive purposes to form recommendations for
farmers.

The equations obtained in this study are of an empirical nature and must be
considered as preliminary. They suggest, however, that within the limits of
detection of the methods used, yield losses caused by M. arenaria occur even
on lightly infested soil (< 50 larvae/ 100 cm3 soil). Therefore, the equations do
not support the view that there is a range of larval numbers for which there is
no corresponding yield reductions; however, the equations do indicate that
the change in yield in relation to increasing larval numbers (dY/dN) is not
constant implying that as larval numbers increase their effect on yield will
progressively diminish.
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